Background: In the intensive care unit (ICU), checklists can be used to support the delivery of quality and consistent clinical care. While studies have reported important benefits for clinical checklists in this context, lack of formal validity testing in the literature prompted the study aim; to develop relevant 'process-of-care' checklist statements, using rigorously applied and reported methods that were clear, concise and reflective of the current evidence base. These statements will be sufficiently instructive for use by physicians during ICU clinical rounds. Methods: A dual-method approach was utilized; semi-structured interviews with local clinicians; and rounds of surveys to an expert Delphi panel. The interviews helped determine checklist item inclusion/exclusion prior to the first round Delphi survey. The panel for the modified-Delphi technique consisted of local intensivists and a statewide ICU quality committee. Minimum standards for consensus agreement were set prior to the distribution of questionnaires, and rounds of surveys continued until consensus was achieved. Results: A number of important issues such as overlap with other initiatives were identified in interviews with clinicians and integrated into the Delphi questionnaire, but no additional checklist items were suggested, demonstrating adequate checklist coverage sourced from the literature. These items were verified by local clinicians as being relevant to ICU and important elements of care that required checking during ward rounds. Two rounds of Delphi surveys were required to reach consensus on nine checklist statements: nutrition, pain management, sedation, deep vein thrombosis and stress ulcer prevention, head-of-bed elevation, blood glucose levels, readiness to extubate, and medications. Conclusions: Statements were developed as the most clear, concise, evidence-informed and instructive statements for use during clinical rounds in an ICU. Initial evidence in support of the checklist's construct validity was established prior to further prospective evaluation in the same ICU.
Background
In pursuit of improving the safety and quality of care delivered to critically ill patients internationally, the use of practice improvement tools in intensive care units (ICUs) such as checklists is evident [1] [2] [3] [4] . There is however a distinct lack of appropriate, effective and standardized methods noted in the literature for the development, design and testing of checklists in clinical settings. This gap highlights the need for rigorous validation work prior to checklist implementation [1, 5] . General recommendations for the development of checklists include conducting a thorough literature review, evaluation of current practices, consideration of expert opinion and consensus, obtaining multidisciplinary input, and thorough validation of the checklist using an iterative approach [1, 5] .
In line with these recommendations, we conducted a comprehensive literature review that identified a number of processes of care (i.e. the practices involved in the delivery of care) suitable for the general ICU population including nutrition, pain, sedation, blood glucose, and medications management, deep vein thrombosis (DVT), stress ulcer, pressure sore, and catheter-related bloodstream infection prevention, weaning from mechanical ventilation and head-of-bed positioning for prevention of ventilator-associated pneumonia [3] . Evaluation of clinical practice via a point-prevalence study conducted in 50 Australian and New Zealand ICUs revealed deficiencies in the delivery of several aspects of care including assessment of nutritional goals, pain, sedation, and pressure area risk, head of bed elevation, weaning, and bowel management practices [6] . We also completed a criterion-related validation study where pilot checklist responses were compared with patient records [7] . While this study demonstrated support for the construct validity for eight specific processes of care (nutrition, weaning, BSL management, sit out of bed, bowel management, stress ulcer & DVT prevention), the following issues required further examination.
First, some items on the earlier version of the checklist [8] (i.e. head-of-bed elevation, assessment of sedation levels, reviewing medications) could not be assessed for their clinical utility due to lack of documentation during review of the medical records. Further evaluation was therefore needed to support the continued inclusion of these items in the checklist. Second, increased rigor in content development was highlighted. Checklist statements needed to be clear and concise enabling both comprehension and consistent interpretation [1] . Third, consideration of the local ICU context was identified as important to further checklist development and study design. After examining local ICU ward round practices and aspects of care that were ordered, managed and reviewed by physicians, local policies and guidelines, concurrent projects, and related work processes and procedures were also reviewed.
Establishing evidence in support of an instrument's construct validity (the degree to which an instrument measures the construct it is intended to measure) requires examination of the sufficiency, relevance and clarity of content [9] [10] [11] . To begin developing validity for the checklist, it was essential to know that content reflected its intended purpose [11] and was relevant to the patient population and clinical setting, and useful for ICU physicians during morning rounds. This was partially addressed in our preliminary work [3, 6, 7] , although further work was required for practice relevance at the local ICU level. Clarity was another component not yet formally evaluated in this development process.
A modified-Delphi technique is a suitable method to verify the content validity of a measure [9, 12] . This approach involves collecting and organizing informed opinions from a panel of experts with specialized knowledge in the area being studied, purposely chosen to develop and refine the content of a specific measure during a series of consensus rounds [13] . Findings from a comprehensive literature review may be used to develop initial content for the first round of questionnaires [14] . Delphi techniques have been used to develop content for a variety of checklists for use in community nursing [13] ; palliative care tools [15] ; and a quality management model for integrated care [14] .
To date, few studies have reported formal validity testing of checklists for use in clinical settings. e.g. [16] [17] [18] Three studies that utilized the Delphi technique focused on content development obtained via face validity with expert clinicians, but did not report a number of key methodological issues (see Table 1 ). As also noted in Table 1 , two non-ICU studies comprehensively detailed the process of using Delphi techniques to develop content for a fall-risk checklist [13] and a simulation performance checklist to evaluate the performance of practicing anesthesiologists [19] . These two studies provided a model of how the Delphi technique can be used effectively in the development of checklist content. They did not however relate specifically to the development of a tool for measuring and ensuring the delivery of daily cares in an ICU.
Limitations evident in the literature on checklist content development highlight a gap in knowledge that needs to be addressed. The aim of this study was to develop the most relevant process-of-care checklist items that were clear, concise and descriptive statements for daily use by physicians during ward rounds in the ICU. These statements were to be generated using rigorously applied and reported methods, and be valid for use in a planned checklist intervention study. The specific research questions were: 1) What is the relevance and adequacy of the process measures identified from a literature review to the local ICU? 2) What are the most clear, concise and descriptive statements for use as checklist items?
Methods

Design
A dual-method approach was used for developing final content for the process-of-care checklist -local clinician interviews; and a modified-Delphi technique using an expert clinician panel. To explore the relevance and adequacy of the process measures local clinician input to checklist content was obtained via semi-structured oneon-one interviews with a purposive sample of clinical staff members at a tertiary level ICU of a university hospital. A modified-Delphi technique involving a wider purposive sample of experts was then constituted for refinement of consequent checklist items. This process enabled expert clinicians to develop consensus on clear and concise checklist statements. Given the previous development work (i.e. literature review [3] , point prevalence study [6] , and criterion-related checklist validation), 2-3 Delphi rounds were anticipated to reach consensus.
Participants
The participants in each study component were ICU clinicians; seven were invited to participate in the semistructured interviews, and 18 were included in the Delphi survey (see Figure 1 ). To answer the first study question, interviews were arranged with five intensivists, one clinical nurse consultant, and one research nurse at the ICU prior to commencing the Delphi study. Participants were selected based on their designation and role and had expressed an interest in quality and safety and improving care processes in their ICU. This served two purposes: 1) gathering relevant, multidisciplinary input; and 2) engaging local key stakeholders and potential clinical champions throughout the developmental and future implementation stages of the research project. Each person was contacted individually either in person or by telephone, a brief outline of the proposed discussion was provided, and following consent, a time to meet was arranged.
To answer the second study question, adequately represent the area under study, and maximize content validity, the expert panel invited to participate in the Delphi study comprised two sub-groups. First, members of a state-wide IC quality committee were invited: 1 state health department representative, 3 intensivists and 4 senior intensive care nurses (clinicians from various ICUs but none from the study ICU). All group members had extensive clinical experience in the specialty of intensive care, with an interest in quality and safety. Membership and participation in IC quality committee activities were voluntary. Second, all 10 intensivists from the ICU study site were also invited to participate. The study was discussed at an IC quality committee and local ICU management meeting respectively, to engage potential participants.
Background information pertaining to the Delphi component was presented at staff meetings attended by potential participants. Information included study context, purpose and methods, the role of the participant, and the process of the modified-Delphi technique. The importance of obtaining unbiased expert opinion that was to remain anonymous to other participants was highlighted. The information sheet, instructions and Delphi questionnaire were then circulated to potential participants by hardcopy (if in attendance at the meetings) or email. All participants were given a two week deadline to respond; on day 12 non-responders were sent personalized reminder emails in an attempt to gain maximum responses. 
Data collection instruments
In addition to exploring the relevance and adequacy of the process measures, the semi-structured interviews also sought identification of current issues and work practices that could impact on checklist content. The semi-structured approach to discussions with individuals enabled flexibility to obtain relevant information from the most appropriate person. All discussions commenced with the researcher providing general information pertaining to the proposed checklist intervention study (including proposed items derived from previous work) and how this pre-intervention study would help inform it. The remainder of the content differed depending on designation of the person and the following discussion points were covered:
Intensivists (n = 5) -relevance and adequacy of proposed checklist items; opinions on inclusion or exclusion of checklist items for evaluation on the morning ward rounds, particularly those that were not explored in the medical records review (head-ofbed elevation for ventilated patients, pressure ulcer prevention, assessing responsiveness of sedated patients, checking the length of time since insertion for intravascular lines, review of antibiotic use and microbiology reports); current work practices and procedures that should be factored into checklist development and study design; and local policies and guidelines pertaining to potential checklist items.
Clinical nurse consultant -current and planned unit initiatives; work practices associated with the planned checklist study and the proposed checklist items.
Research nurse -current and planned research studies that may impact on the use and evaluation of the proposed process-of-care checklist.
The modified-Delphi Technique involved sufficient rounds in order to achieve consensus. For the initial round, participants were asked to rate a list of existing checklist statements generated from previous work, according to their clarity, conciseness and instructional value, on a 5-point likert scale (from strongly disagree to strongly agree). This modification to the traditional Delphi technique has been described as a 'reactive Delphi' as participants respond to previously prepared information, rather than generate items from scratch [20] . Participants were informed of checklist response options which included 'clinical contraindication'. Additional space was provided for participants to make suggestions for improving each statement. Similar approaches have been used previously [13] with the qualitative comments section described as being a valuable addition to the questionnaire [21] .
Statements that did not reach consensus were modified according to suggestions made by respondents. In the next round, two alternate statements for each component were devised -this served two purposes: 1) participant feedback on grouped responses; and 2) an opportunity to choose their preferred statement based on the refinements made after round one. Participants were asked to select which of the two statements they believed better described the process of care in terms of clarity, conciseness and instructional value. Additional space was provided for participants to make comments about the statements if required. 
Data management and analysis
Notes taken by the first author during interviews with clinicians were reviewed and important points that required consideration were listed. Key points were then discussed with the research team and were integrated into the first round of the Delphi questionnaire where appropriate.
A-priori decisions were made regarding the minimum standard for consensus agreement at the commencement of each Delphi round. For the first round, statements that obtained a median score of greater than or equal to 4.0 (representing 'agree' on the 5-point rating scale), had no 'strongly disagree' responses and no suggested changes, were accepted as having reached consensus. A similar scoring approach previously used a 4-point Likert scale [22] , however in this instance it was decided that a neutral response option was required for respondents who had suggestions for improving the statements and neither agreed nor disagreed with a statement in its current form.
When devising the second round questionnaire, a decision was made to accept one of the two statements provided on the questionnaire that gained at least 51% of the respondents' preference -an approach used previously [15, 23, 24] . Although this cut-off point has been questioned [25] , there remains no scientific rationale or recognised guidelines for deciding appropriate consensus levels [26] . In addition to the majority vote, for a statement to have reached consensus there could not be a significant number of suggested changes.
After data collection was completed for each stage, data were de-identified prior to entry into a spreadsheet with identification numbers assigned to respondents. The participant log was kept separate from the data to be analyzed and password protected. To ensure credible interpretations, qualitative data were analyzed initially by the first author and then verified by the other authors. Conclusions based on qualitative data were discussed and agreed upon prior to further iterations of the Delphi questionnaire being developed and the reporting of results.
Ethics
Human Research Ethics Committee (HREC) approval for this sub-study as part of a larger study program was obtained from Sydney-West Area Health Service & University of Technology, Sydney HRECs. Participants provided informed consent prior to involvement in this study.
Results
Information garnered from interviews with seven ICU clinicians (outlined in Table 2 ) was used to develop checklist statements (see Table 3 ) for the first Delphi questionnaire. Although the target users of the checklist were established prior to these interviews (due to physician-lead morning ward rounds in the study ICU), the need for a physician-focused checklist was enhanced by the use of an existing nursing prompt card that outlined important daily care processes to be carried out by nursing staff. Discussion of this prompt card during the interviews leads to removal of the 'sit out of bed' and 'pressure ulcer prevention' items from the checklist (as detailed in Table 2 ).
Other than broadening one of the checklist items i.e. from reviewing antibiotics to reviewing all medications, no further additions to the checklist items were suggested. Importantly, other than the issues identified in Table 2 , participants believed the proposed checklist items adequately covered important elements of care to be checked for each patient on the morning ward rounds, and were applicable to standard or expected clinical practice in the ICU. Three intensivists noted that some checklist items were also supported by local policies and guidelines i.e. nutrition [28] , DVT prophylaxis [29] , and stress ulcer prophylaxis [30] , and expressed the need to ensure checklist statements were consistent with existing policy documents.
In Round 1 of the Delphi survey, a total of 9 (56%) responses were received (see Figure 1) . All statements achieved a median ≥ 4.0; equivalent to 'agree' and 'strongly agree' and there were no 'strongly disagree' responses (see Table 4 ). Suggestions were provided for changing the wording for all statements, except for stress ulcer prevention. All comments were considered and where appropriate, integrated into two alternate statements for each remaining care component for the expert panel's consideration in the second round of the Delphi process ( Table 3 illustrates the evolution of checklist statements over the course of the study). As an example, although 89% of respondents either agreed or strongly agreed with the statement for pain, 11% neither agreed nor disagreed and a more detailed statement was suggested. For the next Delphi round, the original statement was provided along with an alternate version to gauge the majority preference.
In Round 2, 8 (50%) responses were received (see Figure 1 ). For each item, statements with the majority (>50%) of preferences was either accepted or slightly amended in response to suggestions for further changes to the statement. Three statements were accepted without the need for further changes -nutrition (57%), extubation (71%), medications (71%). The remaining five statements (pain 62.5%; sedation 86%; DVT prophylaxis 57%; headof-bed elevation 62.5%; glucose 57%) required only minor adjustments to wording to be clearer, more concise, and to improve instructional value. The few comments made by experts in this round improved the statements without changing the context or key message e.g. abbreviating ' An appropriate means of delivering mechanical or pharmacological DVT prophylaxis has been chosen and is being delivered' to 'Mechanical and/or drug DVT prophylaxis is being delivered'.
Following this round, it was evident that no further rounds were required as there was sufficient coherence in participants' responses. Following recommendations for checklist composition [1] , minor editorial changes ensured that terminology and phrasing was consistent across all nine checklist statements, which were purposely ordered to align with the FASTHUG mnemonic [31] . The resulting final checklist statements are outlined in Table 3 .
Discussion
The key outcomes of this study were the development and validation of a suite of clear and concise statements on nine essential processes of care, to be used as a checklist for supporting practice during daily rounds in an ICU. Study findings added evidence in support of the content validity of the checklist items -particularly the relevance, adequacy, and clarity of checklist statements.
Interviews with local ICU clinicians confirmed the adequacy of content covered by the process-of-care checklist as well as providing initial information pertaining to the practice relevance of each individual statement. These informants also offered important information on the local context, which supported the refinement of checklist statements for inclusion in the first round Delphi survey. These initial revisions provided additional credibility to the Delphi process by ensuring the preliminary statements were relevant to the local ICU.
The modified-Delphi technique used was developed in line with contemporary research guidelines [12, 32] to address the limitations of other research in this field and enhance rigor in this type of study. This was exemplified by the methods used (i.e. incorporation of information obtained from a literature review [3] , a point-prevalence study [6] , and a criterion-related validation study) prior to and during the pre-Delphi interviews that consequently informed revision of the checklist items. This preliminary information was then incorporated into the first Delphi round, as this approach may be more reliable than an open-first round Delphi survey [12] .
Only two rounds were required to reach consensus. When viewed collectively, the findings from both Delphi rounds demonstrated the "stability" of responses, suggesting a reasonable indicator of consensus [25, 32] . Despite almost gaining consensus after the first round, several suggestions were made to improve the clarity for all but one of the statements. After second round responses were collated, all statements had either been accepted without further changes, or suggestions for changes had been integrated into the final statements. This is evidence of: 1) previous work on developing checklist content was a sufficient starting point for this modified-Delphi study; 2) only refinements to the existing statements were required to generate the most clear, concise and instructive statements. It is likely that the preliminary work also ensured quick replies from panel respondents and a shorter time to reach consensus. Other studies, particularly those that generated content from scratch reported much longer study periods [13, 26] .
Although there is contention pertaining to acceptable consensus levels, recent recommendations suggested that levels be: established prior to data collection; based on the importance of the research topic; and supported by rational justification [26] . The decision to accept second-round statements with at least 51% agreement was based on the following: 1) majority agreement was more practicable than 100% consensus given there could Checking microbiology reports done in conjunction with the review of medications, so doesn't need to be a separate item on the checklist
Checking microbiology reports excluded
Head-of-bed elevation for ventilated patients important to review by both medical and nursing -retain on checklist
Head-of-bed elevation retained Assessing responsiveness of sedated patients an important aspect of medical rounds and needs to be retained Assessing responsiveness of sedated patients retained Pressure ulcer prevention managed by nursing staff, an item on the nursing prompt card Pressure ulcer prevention excluded be countless minor variations of the same statement that met the criteria of being clear, concise and instructive statements; 2) there was near-consensus after the first survey round; and 3) to minimize respondent burden and exhaustion from busy ICU clinicians, and managers, which has also been reported [20] . Purposive sampling for the Delphi study allowed the selection of experts best able to provide advice on statement development. Similar to a previous study [15] , the use of two expert panels strengthened the validation process. The participation of IC quality committee members lent support to the external validity of the checklist statements i.e. they can be used in all general ICUs as a starting point from which local clinician input can be obtained. The panel of intensivists provided the desired local ICU input, ensuring that terminology was applicable for use in that ICU. Their involvement enabled an opportunity for input into tool development that would be used by themselves or their colleagues in routine practice, and also facilitated engagement in planned future studies.
The Delphi panel size of at least 8 respondents was in line with recommendations that the membership number be relevant to the purpose of the study, the selected design, and data collection time frame [12, 13] . The panel size was also large enough to obtain a substantial amount of useful feedback, and proved adequate for reaching consensus on the wording of checklist statements. A larger sample size may have generated more variations that still met the criteria of being clear, concise and instructive, but this may have prolonged the process unnecessarily, and may have diminished applicability of the statements to the local setting. Similar to other studies using the Delphi technique, treatment of data obtained from panel members was de-identified (i.e. individual responses were not Nutritional plan has been implemented and/or reviewed (median = 5)
• Nutrition plan has been implemented and reviewed (43%)
Nutrition goals have been set and progress reviewed
• Nutrition goals have been set and progress reviewed (57%)
Pain has been assessed and is being managed (median = 5)
• Pain has been assessed and is being managed (37.5%) Pain has been assessed, a management plan set and progress reviewed • Pain has been assessed, a management plan set and progress reviewed (62.5%)
Sedation levels have been assessed and are being managed (median = 5)
• Sedation levels have been assessed and are being managed (86%) Sedation target set, sedation level assessed and managed
• Sedation levels have been assessed with target sedation score, a management plan is set and progress reviewed (14%)
DVT prophylaxis is being delivered (median = 4)
• An appropriate means of delivering DVT prophylaxis has been chosen and is being delivered (43%)
Mechanical and/or drug DVT prophylaxis is being delivered
• An appropriate means of delivering mechanical or pharmacological DVT prophylaxis has been chosen and is being delivered (57%)
Head of the bed is raised 30-45 degrees (median = 4)
• Head of the bed is raised 30-45 degrees (37.5%) Patient is positioned with the head of the bed raised >30 degrees • Head of the bed is raised greater than 30 degrees (62.5%) Stress ulcer prophylaxis is being delivered (median = 5)
Stress ulcer prophylaxis is being delivered (100%)
Stress ulcer prophylaxis is being delivered
Blood sugar level (BSL) is within defined limits for this patient or if outside limits is being treated (median = 5)
• BSL is within defined limits for this patient or if outside limits are being treated (62.5%) BSL limits have been set and are being managed to achieve those limits • Blood glucose limits have been defined, BSL is within defined limits or if outside limits are being treated (37.5%)
Patient's readiness to extubate has been assessed (median = 5)
• Patient's readiness to be weaned from mechanical ventilation has been assessed (71%)
Patient's readiness to be weaned from mechanical ventilation has been assessed • Ability of the patient to weaned from mechanical ventilation has been assessed and a ventilation plan has been set (29%)
All medications have been checked and reviewed (median = 5)
• All medications have been checked and reviewed (71%) All medications have been checked and reviewed • Indications and dosing documentation for all current medications reviewed and correct (29%) made available to other participants), removing any risk of influence on group conformity, power, and the effect of others on responses [19] . Unlike previous studies [16] [17] [18] , results of the Delphi technique were reported for each round, with key suggestions for improvements to the statements reflected in the second round Delphi questionnaire and the final checklist statements. The importance of describing the sampling process in detail has also been emphasized in the literature [32] , and as such, detailed information pertaining to the selection processes and characteristics of the panel members has been reported. This level of data collection and reporting allows for increased transparency for the purposes of study replication and provides evidence of sufficient methodological rigor in developing the checklist statements.
Limitations
There were limitations to this study. First, the response rate to the Delphi survey was moderate (56% and 50% in the two rounds, respectively). Non-responders were not followed-up further and therefore their reasons for non-participation were unknown. A previous paper [15] reported a range of response rates from two Delphi studies -the highest response rate was 73% for a second-round Delphi survey of 22 international panelists; the lowest was 39% for a second-round survey of 18 regional panelists. They partly attributed the higher response to pre-selecting panelists that indicated their willingness to participate (which was not the case with other panels they used), resulting in a motivated, committed panel of experts. Response rates to our study were similar to a first-round survey of one of these previous studies [15] (i.e. 56% of 16 national panelists), supporting the notion of pre-selecting willing participants as a possible solution to improve response rates.
Where possible, other suggestions made in the literature for obtaining an optimal response rate were followed, including: making personal contact and building rapport by informing participants to enhance personal ownership of the project [26] ; and planned follow-up [33] in the form of a reminder email. Similar to earlier studies [15] , we opted not to pursue non-responders further as we did not wish to pressure already busy clinicians who we needed to be supportive of planned studies that required their contribution. It was possible however, that non-responders were not interested in checklist development, did not have anything to add to the process, or were not able to make study participation a priority given their primary role was in clinical and teaching responsibilities.
Participants within each of the panels were known to each other and all participants were known to the researcher. The risk of potential bias was minimized by allowing respondents to complete the questionnaires in their own time, ensuring responses remained strictly anonymous within the Delphi process, and providing synthesized feedback during the second-round survey. It has been suggested that this kind of 'quasi-anonymity' could actually motivate panelists to participate, discourage ill-considered hasty judgments, and ensure some level of accountability for the responses given [20] .
Due to practical constraints of creating a parallel-form measure we did not test reliability by comparing the final checklist statements generated using the Delphi technique with statements generated by another method of developing the tool -for example via focus groups or consensus meetings with experts [12] . Coordinating a single meeting time to suit all experts would have been difficult, particularly since the majority had clinical duties. Even if one had been arranged, it is questionable whether a group meeting can produce reliable results given the risk of bias with group conformity [19] .
Recommendations for research
There are a few key areas that require evaluation in future studies. First, it is important to verify these findings with further research conducted in clinical settings. The checklist items generated should be evaluated for their practical use, interpretation and clinical utility. Second, testing the reliability of items should be undertaken to establish whether the items produce consistent results. Third, the methods used for checklist development and validation also have applicability beyond the ICU and can be tested as a model for improvement in other clinical areas irrespective of geographical location.
Conclusion
The use of both interviews and a modified-Delphi technique with ICU clinicians produced a series of checklist IQR inter-quartile range, Min minimum, Max maximum, Mech vent mechanical ventilation. Responses were scored 1 = strongly disagree; 2 = disagree; 3 = neither agree nor disagree; 4 = agree; 5 = strongly agree.
items that represented relevant content for essential practices in the process-of-care for ICU patients, and were deemed clear, concise, and instructive statements for use by intensivists during the morning clinical rounds. The use of rigorous methods lends support to the content validity of the process-of-care checklist which was to be used as the intervention in a prospective research study conducted in the same ICU. Transparent reporting of both methods and results allow for study replication and further testing for the purposes of determining reliability and clinical utility.
